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The refrigeration technology has been widely applied to many fields, and 
theoretical investigation of refrigeration cycle is one of important subjects for the 
study of refrigeration technology. Some scholars have explored the optimal theory of 
refrigerator cycles by using optimal control theory. For most refrigeration applications, 
single-stage refrigeration systems are adequate. However, when the span of 
temperature between the cooled space and the heat sink is considerable and the heat 
leak is inevitable, combined refrigeration systems have to be used. There have been a 
lot of studies on the combined refrigeration systems in series. The combined 
refrigeration systems in parallel connection are rarely investigated. For the latter, it is 
necessary and important to explore the effect of heat leak on the cycle performance. 
On the other hand, magnetic refrigeration is a promising and forthcoming 
refrigeration technology because of its characteristic in high efficiency and no 
pollution. The theoretical investigation of magnetic refrigeration cycles has received 
an increasing attention. For the existing study of magnetic refrigeration cycles, the 
temperatures of heat reservoirs have been thought as constant. In fact, for a 
refrigerator, the heat capacities of heat reservoirs are usually finite. Therefore, it is 
very significant to investigate the optimal performance characteristics of a magnetic 
Ericsson refrigerator cycle with finite heat capacities.  
In Chapter 1, the development of refrigeration technology is summarized.  
A new active thermal potentiostatting system is established in chapter 2, in which 
the influences of finite-rate heat transfer and the heat leak are taken into account. 
Mathematical expressions of the main performance parameters are derived. Using the 
method of the optimal control theory, the minimum total power input of the system 
with non-zero cooling rates is calculated and the temperatures of the working fluid in 
the isothermal processes are optimized. The optimal allocation of the heat-transfer 
areas is also discussed in detail.  
In Chapter 3, an irreversible magnetic Ericsson refrigerator cycle is put forward, in 
which the finite heat capacities of heat reservoirs, thermal resistances, inherent 
regenerative losses, additional regenerative losses and the internal irreversibility are 
taken into account. Based on thermodynamic equations of a paramagnetic material, 
the performance characteristics of the cycle are investigated. The optimal equations 
between the cooling load and the coefficient of performance and between the cooling 
load and the power input are derived. Moreover, the maximum cooling load and the 
other corresponding performance parameters are determined and the optimal 
operating region of the cycle is discussed and evaluated.  
The results obtained in the present thesis are closer to the performance 
characteristics of actual refrigerators than those in literature and are helpful to the 
optimal design and performance improvement of refrigerators. 
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苏格兰人 W. Callen 发明了第一台蒸发式制冷机。1834 年美国人波尔金斯获得了
乙醚在封闭循环中膨胀制冷的英国专利，这是蒸气压缩制冷机的雏型。空气制冷
机的发明比蒸气压缩式制冷机稍晚，1844 年美国人戈里发明了空气循环式制冷
机，这是世界上第一台制冷和空调用机器。随后，法国人 F. Galte 于 1859 年发









（Carnot）制冷循环。众所周知，工作在 TH 和 TL热源间的可逆卡诺制冷机的制







































系统的优化性能，取得了一些有意义的结论。例如，Chen 和 Yan [49]、 Chen 和
Wu [50]分别构建了一类两级内可逆串接联合制冷循环，导出了制冷系数与制冷




的研究是必要的。Chen 和 Wu 等[52] 探索了热漏对两级内可逆串接联合制冷系

























则提供理论参考。进一步，Edril [61]则将  优化方法应用于受热阻、热漏和工
质内不可逆性影响的不可逆两级串接联合制冷系统的研究中，确定了 大 输出














































































第一章  引 言 
 7
 



















可避免地存在损失，因此一些学者[90, 95, 97-98, 101-103]在磁制冷循环模型中考
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